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© Composite article and method of producing the same. 

© a composite article comprising a si.icon body ^ ^^^^l^JXe^ 
Ending. The glass composition consists essentially ^^iSSU^r^ of at .east 100 mg/cm* in 20 

srsr jests sassss i « z - - , ,o 00 — - ^ 

thickness at a temperature not over 440° C. 
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EP 0 557 588 A2 

Field of the Invention 

eJrT*^l:^r POS>te b0dV C ° mPOSed ° f 3 9,3SS b ° d V bonded to a siHcon bod y by 

Background of the Invention 

^^T^^^^^^ z |= e , ^ ^ a sea|am 

known as anodic bonding, eleotrostatio-oonding or fiefd h k T'^ SU ° h 38 3 9 lass ' is 'arious.y 
as Ma.lory bonding, sinoe the process was develop " * 3,30 referred to 

Direct bonding of a glass to a « 1 o V ' S ° nne ' * P " * Ma,,or y & C °- "»c 
below the g,ass softening 9 point. K ZZs big ZT^^l T~*"T ^ th3t * ^ 0ut 
app.y.ng an electric potential across the two ZZ Z eTectric , b0dy int0 C '° Se COntact - «l 

electrostatic fie.d is created, thereby effecting S n dTn g ^ ^ ^ 3 " 

or at 'f^^ at a low temperature is critica,, 

insulating glass to be used in this way are- e,ernente - ^eng the important properties required of an 

S*^?!. to a»5S.T? a 9,ass havin9 a — of *— ~ 

JSSE: Z*T ** " V0fta96S b3,OW *«» of g,ass thickness and a bonding 

!f etChabiHty *** ™— - - 100 mg/cm* of glass In 20 minutes with 

Code 7740, in conjunction with si.icon. In spite ^problems ft is S. 3 DOr0si,icate Corning 

SS use either Cornin9 

These problems are J&ZT&S^ZS EttS "! 31 3 — SlOW 

4,000 volts per mm of glass are required togemer ZFTtZZ ♦ 9 , h3S Pr ° Ven difficult - "^ us > at least 
having improved properties for usTin SS^ClLTSS? " to 3PP3rent that a 9 la ^ 

purpose of my invention to meet this need 9 l,C ° n W0uld be verv desirable. It is a basic 

Summary of the Invention 

direS^L^rte I^SS?* 1 "* C ° mpriSin9 3 Si,iCO " bod * a " d a glass body bonded 
***** which g,ass has I ZTZT^ZZ S?* 8- *' °< Sili ~" e a.umlm.td 

e ched by 48% HF at a rate of at least h ° ^ m3tCheS that of si,icon - * 

■ton at a voftage not over 1,000 volts/mm and ft T£ZL ♦ * *" e,ectros tatica..y bonded to 
embodiments, the glass has a CTE of about 3^38^ lO-'/^C p^h T 0VBr 440 ' C ^ Preferred 
has a resistivity of not over 10- ohms/cm ^nSilL at^?p f ^ ° f 31 ' eaSt 150 m 9 /cm2 - •»* 
calculated weight percent on an oxide basif ^SSllS. ♦ ^J?"* the 9lass imposition, in 
MgO 2-4.5% ujol 0-2% ZnO. 0-5% TiO, M-fi^? I n 17° 15 ' 24% 

A further aspect of the invention mcwJ. As2 ° 3 ar>d/or SbaOs. 

9-ass body and a^bl^ 3 ^posite arfcc.e composed of a 

a glass having a composition consisting SmSS V^iZfT^T f ° mm9 "* 9 ' 3SS «»* f ™ 
CTE closely matching that of si.icon, being eSed by 48^ H * T f^™" 1 ' and ,ithiUm ' havin 9 3 
electrostatically bonding the glass body to tfJ 7«mZ n k~T ' 3 r3te 0f at least 100 mg/cm^, and 

and at a temperature not over 440 -O in nra „ r „,„ . y 

at a voltage not over 1,000 volts/mm of olas«5 
weight percent on an oxide basis, conJ^ZE£% SSfS ^ 9,3SS ^P^on. in ca.cuLd 
UO. 0-2% ZnO, 0-5% TiO,, 0-3% ZrC^ «dTST ^and/ot !Sl ^" A ' 2 ° 3 - Mg °' 2 " 4 " 5% 

and s,„con bodies are electrostatically bonded C tner a' a !5£. oTSS 
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temperature of about 400 * C. 
Prior Art 
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insulator materials and metals suggested. . nrnvpment whereby the potential distribution 

No 3.569.966 (VMS « at) dasonbes us. of the Ponws* procsss ,0 bond K^hs, wo 

insulator by application of heat and •^P°*f^J*2^ an article by wallis and Pomerantz in the 

The direct bonding process is further described in an article by wains 
September, 1969 f"- 40 #10) issue of Journal of Applied Physics. i» #10 (1991) 

borosilicate glass. nroriir<inr nlasses are the subject of numerous 



modifiers. 
30 Description of the Invention 
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_ The p-.san, .nvsnson arcs, from . ss.sc* to- «^ « <~" ^^"SSSS 2 

^rro%^.rs^ 

32-40 X 10" 7 / o C. Within this range, a value above x iu / uiu 

of an oopa. hi* »f 440 -C as tn. bonding '^^ZS^lSZm still bsing a stab., glass. A stabl. 

so that easier bonding can be attained. nnmmprcial aDDlications are borosilicate 

glasses, in calculated weight percent on an oxide basis, are: 
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Code 7740 


Code 7070 


Si02 


80.5 


70.0 


B203 


12.9 


28.0 


AI203 


Z2. 


1.1 


NasO 


3.8 




K2O 


0.4 


0.5 


U 2 0 




1.2 



^Z^FnZ^JXZ r^T ^ 3t - — > ~ ■ - recognized 

obtain^" ^T^e^^Z^T, "TT I" ***"» »""** « ^ 
for glass-ceramics having beta-quaK ^^0?^ ^ ^ ° ^ ^ kn0wn 35 PreCUrSOr 9 ,asses 

Lithium aluminosiiicates, having ££££ 32^0 ^Eyr"" ^ Ph3SeS - 
10* ohms/cm, and etchability rates in 48% HF afle^ MM mn£ f res,stivities at 350 'C of not over 
have worked primarily with two Qlasses^mm^i J?« ^ ' are 9 eneral| y satisfactory. However, I 
generany prefer these' glasses^ 2S£ ^ cookware.' , 

TAB The compositions of these g.asses. in ca.cu.ated weightVcent on an o*de basis, are set forth in 
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Example 


1 (9608) 


2 (9626) 


SiOs 


69.5 


68.2 


Al 2 0 3 


17.6 


19.16 


Li 2 0 


2.7 


2.80 


Na 2 0 




0.18 


K2O 




0.18 


MgO 


2.6 


1.78 


2n0 


10 


1.04 


BaO 




0.75 


TiOs 


4.7 


2.67 


2r0 2 


0.2 


1.75 


As 2 C>3 


0.9 


0.9 




0.06 


0.085 


F 


0.03 




B 2 O s 


0.07 




Nd 2 0 3 




0.50 


V 2 Os 




0.005 


Mn02 


0.03 





even omitted in the event the glass is spS meJeJ A^S, be artered ' «" 

on these compositions, consist ^^essentiaTy of 67 -7^ ran 9 es - ^ed 

2% ZnO. 0-5% TiO*. and 0.1-1% As 2 0 3 and/or s£<£ 2 3> 2 " 3 5% ^ 1 " 3 - 5% M 9°- °" 

thermal expansion (CTE) is i^Wh^T^/T^T^ 8 ^ TABLE COefficient of 
400-C. Strain point (St.P.) is tne temper^ of a q.asJ aTa niSn "* ran ^ of 25- 

glass art. ft is reported in - C . Resistivity is meaSurS at Z ?r 35 ' S We " reco 9nized in the 

logarithm (Log R). Etchability (Etch.) isVeportedTn a ™h J" and is re P° rted as *e 

HF in 20 minutes. Bondabilfty (Bond is^ ^nn CT^ ' f ' S the am ° Unt 0f 9 lass *«olved by 48% 
strong sea. at the indicated 2n££L in 7 vo,ta 9^ * 9'ass required to make an acceptably 
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TABLE II 



w 



15 





Ex.1 


Ex.2 


7740 


7070 


CTE 

st.p": 

Log R. 

Etch. 

Bond. 


37.2 
640 
5.5 
165 

500 @400 ° C 


35.9 
655 
5.1 
169 

500 @400 • C 


33.0 

510" ! 

6.6 

48 

1000 @450'C 


34.6 
456 
9.1 
149 

4000 @450 • C 



%ZZ^» Jon*,- This Is thounh, » be reWed » ~«« combi „ a „„, „ 

CTE and strain point values. 
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Claims 
1 



over 1 ,000 volts/mm and at a temperature not over 440 • C. 

A composite article in accordance with c.aim 1 wherein the glass has a CTE of about 32-40 X 10-/' C. 



35 



40 



45 



50 



55 



1 A composite article in accordance with c.aim 1 wherein the glass etches at a rate of at least 150 
mg/cm 2 . 

4. A composite article in accordance with Cairn 1 wherein the glass has a resistivity at 350'C not over 
10 6 ohms/cm. 

5. A composite article in accordance with claim 1 wherein the glass may be electrostatically bonded to 
silicon at a voltage of about 500 votts/mm at a temperature of about 400 C. 

6. A composite article in accordance with Cairn 1 ^ 
percent on an oxide basis, cons.sts essentially of 62-72 A SO* 15 24/. ai 2 u 3 , 

Li 2 0 0-2% ZnO, 0-5% T.0 2 , 0-3% ZrOa and 0-2% As.Os and/or Sb 2 Os. 

TL volSge not otr 1.000 vCtsJm of glass and at a temperature not over 440-0. 

a A method in accordance with claim 7 wherein the glass body is ***f^J^ * the ^ 
body at a voltage of about 500 volts/mm of glass and at a temperature of about 400 C. 

9 A method in accordance with claim 7 wherein the glass has an etchabi.ity rate over about 150 mg/cm*. 
0-5% Ti0 2 , 0-3% Zr0 2 and 0-2% As 2 0 3 and/or Sb 2 Os. 
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© Composite article and method of producing the same. 

© A composite article comprising a silicon body 
and a glass body bonded d.rectiy thereto by electro- 
static bonding. The glass composition consists es- 
sentially of oxides of silicon, aluminum, and lithium, 
and the glass has a coefficient ol thermal expans.on 
approximating that of silicon, etches at a rate of at 
least 100 mg/cm 2 in 20 minutes m 48% HF, and 
may be electrostatically bonded to silicon al a volt- 
age not over 1,000 volts-'mm of yla^s thickness at a 
temperature not over 440 * C. 
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